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AN ELECTRICAL CIRCUIT ASSEMBLY WITH MICRO-SOCKET 

Background of the Invention 

The present invention relates generally to an electrical circuit assembly, and more 
particularly to an electro-mechanical connection between a microchip and a substrate. 

Integrated circuit devices (i.e., microchips, chips, or dies) are typically connected 
to a substrate (e.g., chip carrier, package, or circuit board) using well-know methods such 
as Direct Chip Attach (DC A) and wire bonding. DC A uses joining materials such as 
metallurgical solders or polymeric conductive adhesives that are typically applied to the 
electrical connection pads (i.e, bond pads) of the chip. The chip can then be 
electromechanically connected to corresponding bond pads on a substrate by applying 
heat to melt, or reflow the solder. A protective polymer, called underfill, is applied to the 
gap between the chip and substrate and then hardened by heating to cause the liquid to 
polymerize to a solid and provide further bonding between the chip and substrate. In wire 
bonding, an adhesive or solder is used to attach the chip to the substrate. After chip 
attachment, fine metal wires are then welded to each chip electrical connection pad and to 
the corresponding substrate electrical connection pad by using heat or ultrasonic energy. 
Reference may be made to U.S. Patent Nos. 5,439,162 and 5,665,654, both of which are 
incorporated by reference herein for all purposes, for additional background information 
relating to DCA and wire bonding chip attachment processes. While DCA and wire 
bonding processes typically result in a reliable chip connection, the connection is 
considered permanent and does not allow removal and reconnection of the chip. Also, the 
heat required to reflow the solder or adhesive may damage the microchip and decrease 
production efficiencies. 

Existing electro-mechanical chip connection methods that eliminate thermal 
bonding processes allow a conventional microchip device to be electrically and 
mechanically mounted on a substrate of the circuit so that the chip can be removed and 
reconnected without heating the chip or the substrate. These conventional electro- 
mechanical connection methods typically include metallized interlocking structures (i.e., 
hook and loop configurations, interlocking inserts, interlocking micromechanical barbs) 
located on the electrical connection pads of the microchip and the substrate. Reference 
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may be made to U.S. Patent Nos. 5,41 1,400, 5,774,341, and 5,903,059, which are 
incorporated by reference herein for all purposes, for additional background information 
relating to existing reconnectable electro-mechanical connections between an integrated 
circuit device and a substrate. Existing reconnectable chip interface structures have not 
seen widespread acceptance in the industry because of high manufacturing costs and low 
reliability of operation. 

Summary of the Invention 

Among the several objects of this invention may be noted the provision of an 
assembly which allows an electro-mechanical connection of a integrated circuit device to 
a substrate at ambient temperatures; the provision of such an assembly which allows 
economical manufacture; the provisions of such an assembly which permits simple 
testing; the provision of such an assembly which allows easy rework; the provisions of 
such an assembly which provides a reliable electrical and mechanical connection; and the 
provision of such an assembly that allows easy removal and replacement of the integrated 
circuit device. 

In general, an assembly of the present invention comprises a substrate and an 
integrated circuit device electrically and mechanically connected to the substrate. At least 
one electrically conductive connecting element is on one of the substrate and circuit 
device and at least one socket is on the other of the substrate and circuit device. The 
socket receives the at least one connecting element and comprises at least two resilient 
members. The resilient members are biased against the connecting element so that the 
circuit device and the substrate are held in electrical and mechanical connection by the 
biasing force of the resilient members against the connecting element. 

In another aspect of the invention, the assembly comprises a substrate and an 
integrated circuit device electrically and mechanically connected to the substrate. At least 
one electrically conductive socket is on one of the substrate and the circuit device and at 
least one electrically conductive connecting element is on the other of the substrate and 
circuit device. The connecting element comprises a body having a headless free end that 
is received in the socket so that the circuit device and the substrate are held in electrical 
and mechanical connection by the contact of the connecting element and the socket. 
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In another aspect of the present invention, the assembly comprises a substrate and 
an integrated circuit device electrically and mechanically connected to the substrate. At 
least one electrically conductive socket is on one of the substrate and the circuit device 
and at least one electrically conductive connecting element is on the other of the substrate 
5 and circuit device. The connecting element comprises a body having an axial surface and 

at least one shoulder extending from the axial surface that is received in the socket so that 
the circuit device and the substrate are held in electrical and mechanical connection by the 
contact of the connecting element and the socket. 

In yet another aspect of the present invention, the assembly comprises a substrate 

10 and an integrated circuit device electrically and mechanically connected to the substrate. 

At least one electrically conductive socket is on one of the substrate and the circuit device 
and at least one electrically conductive connecting element is on the other of the substrate 
and circuit device. The connecting element comprises a conductive ball deposited on the 
circuit device or the substrate that is received in said socket so that the circuit device and 

15 the substrate are held in electrical and mechanical connection by the contact of the ball 

and the socket. 

Other objects and features will be in part apparent and in part pointed out 
hereinafter. 

20 Brief Description of the Drawings 

Fig. 1 is an elevation, partially in section, of an electrical circuit assembly of the 
present invention; 

Fig. 2 is an exploded perspective of an integrated circuit device and a substrate of 
the assembly; 

25 Fig. 3 is an enlarged exploded side elevation of the integrated circuit device and 

the substrate of the first embodiment; 

Fig. 3 A is an enlarged perspective of the integrated circuit device of the first 
embodiment; 

Fig. 4 is an enlarged side elevation similar to Fig. 3 but showing the circuit device 
30 and the substrate in electrical and mechanical connection; 

Fig. 5 is an enlarged exploded side elevation of an integrated circuit device and 
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substrate of a second embodiment of the present invention; 

Fig. 6 is an enlarged side elevation similar to Fig. 5 but showing the circuit device 
and the substrate in electrical and mechanical connection; 

Fig. 7 is an enlarged exploded side elevation of an integrated circuit device and 
substrate of a third embodiment of the present invention; 

Fig. 8 is an enlarged side elevation similar to Fig. 7 but showing the circuit device 
and the substrate in electrical and mechanical connection. 

Corresponding parts are designated by corresponding reference numbers 
throughout the drawings. 

Detailed Description of Preferred Embodiments 

Referring now to the drawings, and more particularly to Fig. 1, an electrical circuit 
assembly, generally designated 1, comprises an integrated circuit device 3 assembled in 
accordance with the present invention. In the particular embodiment of Fig. 1, the 
integrated circuit device 3 is electrically and mechanically attached to a chip carrier 
substrate 7 that is mounted on a conventional ball grid array 9 having solder balls 13 for 
electrical connection to a printed circuit board (not shown). It will be understood that the 
circuit device 3 could be directly attached to the circuit board or could be attached via 
other conventional connecting substrates (e.g., a pin-grid array or a land grid array). Also, 
the assembly 1 could include more than one integrated circuit device 3 assembled in 
accordance with the present invention. 

In the illustrated embodiments, the circuit device 3 is shown schematically but it 
will be understood that each device could comprise any typical integrated circuit device 
such as a Micro-Electronic Mechanical Systems (MEMS) device, Optoelectronic (OE) 
device or any other microchip that may be used in an electrical circuit assembly. The chip 
carrier substrate 7 could comprise a printed circuit board of a finished electronic 
component (e.g., cell phone), a circuit board configured for testing of integrated circuit 
devices, or any other electronic circuit substrate that is in electrical and mechanical 
connection with an integrated circuit device 3. 

As shown in Fig. 2, the assembly 1 has eight sets of electrical connection pads 
(i.e., bond pads) 17 on the integrated circuit device 3 for mating with corresponding 
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electrical connection pads 21 on the substrate 7. Each connection pad 17 on the circuit 
device 3 is a metal pad fabricated on the surface of the device and arranged to contact a 
corresponding pad 21 on an opposing surface of the chip carrier substrate 7. Each 
electrical connection pad 17, 21 is electrically connected via conventional means to the 
circuitry of the microchip 3, or the substrate 7, so that electrical signals can be received 
and transmitted through the pads. In the illustrated embodiment the connection pads 17 
are located near the periphery of the bottom (passive) side 25 of the device 3 but it will be 
understood that the pads could be located on the top (active) side 27 of the chip. Also, 
more or less than eight pads 17, 21 could be provided without departing from the scope of 
this invention. It will be understood that the total number of connection pads 17, 21 on 
the chip 3 and the substrate 7 will vary depending on the specific technology and 
application of the integrated circuit device 3 and that hundreds or thousands of external 
connection terminals may exist on the microchip and the substrate 7. Each connection pad 
17 is located for attachment to a corresponding (mating) connection pad 21 on the 
substrate 7 so that an electrically conductive path is provided between the integrated 
circuit device 3 and the substrate. 

As will be discussed below in more detail, at least one of the electrical connection 
pads 17, 21 on the chip 3 and the substrate 7 includes at least one electrically conductive 
connecting element, generally indicated 31, and the other of the chip and the substrate 
includes at least one socket, generally indicated 35, for receiving a respective connecting 
element. In the illustrated embodiment (Fig. 3), a plurality of electrically conductive 
connecting elements 31 are shown as being attached to the substrate 7 and a plurality of 
sockets 35 are shown as being attached to the integrated circuit device 3. It will be 
understood that the connecting elements 3 1 could be attached to the circuit device 3 and 
the sockets 35 could be attached to the substrate 7 without departing from the scope of this 
invention. 

As shown in Fig. 3, each electrical connection pad 17 on the integrated circuit 
device 3 has an external surface 39 generally parallel with the device and comprises at 
least one, and probably more than one, socket 35. Each socket comprises at least two 
resilient members in the form of adjacent spring fingers, designated 43a and 43b, that 
cooperate to form the socket. In the illustrated embodiment, each socket 35 comprises 
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two spring fingers 43a, 43b with one of the fingers 43a being generally C-shaped and the 
adjacent spring finger 43b being a mirror image of the C-shaped finger. Each spring 
finger 43 a, 43b is a curved conductive metal strip that protrudes from the flat external 
surface 39 of the pad 17. Spring finger 43 a has an inturned free end portion 47a that 
5 converges near the opposed free end portion 47b of the adjacent spring member 43b. It 

will be understood that the resilient spring fingers 43 a, 43b may have other shapes and 
configurations without departing from the scope of this invention. In one embodiment, 
each spring finger 43 a, 43b is fabricated on the electrical connection pad 17 and is made 
from a "stress-engineered" metal or metal alloy (e.g., molybdenum (Mo), molybdenum 

10 chromide (MoCr), or nickel zirconium (NiZr)) as disclosed in United States Patent No. 

6,560,861, incorporated by reference herein for all purposes. It will be understood that the 
spring fingers 43a, 43b can be manufactured and attached to the electrical connection pads 
in accordance with existing circuit fabrication methods such as any of the typical methods 
disclosed in the '861 patent or any other conventional micro-circuit fabrication method. 

15 Referring again to Fig. 3, each electrical connection pad 21 on the substrate 7 

comprises a plurality of spaced apart electrically conductive connecting elements 3 1 
extending from a flat external surface 57 of the pad that is substantially parallel with the 
substrate. In the embodiment of Figs. 3 and 4, each electrically conductive connecting 
element 31 comprises a pin having a base 61 attached to the electrical connection pad 21 

20 and an elongate body 65 that is formed integral with the base. The body 65 of the pin 31 

has a headless free end 69 and an external surface with an axial length generally 
perpendicular to the flat external surface 57 of the connection pad 21. The body 65 of the 
pin 31 may have the shape of a solid cylinder, for example, or may have a generally 
tubular shape. It will be understood that the electrically conductive connecting elements 

25 31 may have other shapes and configurations without departing from the scope of this 

invention. In one embodiment, each pin 31 is made of metal (e.g., gold) and is fabricated 
from conventional microfabrication processes such as electroplating, sputtering, or LIGA 
that are well suited for making three-dimensional metal projections bonded to the flat 
surface 57 of the connection pad 21 . Alternatively, the pins 3 1 may be fabricated as an 

30 integral part of the connection pad 21 and comprise any suitable metal or metal alloy (e.g., 

copper or copper alloys). Each connecting element 31 could comprise a projection made 
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from the same semi-conductor material as the substrate 7 (e.g., silicon, ceramic, or any 
other suitable semi-conductor material) by using conventional fabrication processes such 
as microelectronic photolithographic techniques (i.e., LIGA processes or surface 
micromachining and etching) prior to metallizing the connection pad 21 . After fabrication 
5 of the substrate 7, the pins 31 and connection pads 21 on the substrate may be metallized 

by conventional processes such as vacuum metal deposition, electroless plating, or 
electrolytic plating to form the electrically conductive chip connection pad that comprises 
the metallized pins and the flat external surface 57 surrounding the pins. 

As seen in Figs. 3 and 4, the integrated circuit device 3 is aligned with the 

10 substrate 7 such that the pins 3 1 on the substrate are received in the sockets 35 to form an 

electrical and mechanical connection between the device and the substrate. More 
specifically, the pin body 65 is sized to fit between the opposed spring fingers 43a, 43b of 
the socket 35 so that the resilient spring fingers flex outward to receive the pin. The 
biasing force of the spring fingers 43 a, 43b causes the fingers to press against the axial 

15 exterior surface of the body 65 to form a secure mechanical and electrical connection 

between the circuit device and the substrate. The contact of the axial surface of each pin 
31 and the exterior axial surface of each resilient spring finger 43 a, 43b creates an 
electrical connection between the circuit device 3 and the substrate 7. It will be 
understood that the device 3 and the substrate 7 may also be held in contact by surface 

20 attractive forces (e.g., stiction forces) that are common in microchip connections. Surface 

attractive forces common in microchip connections include friction or chemical adhesion, 
electrostatic forces, and capillary forces between the components of the electrical circuit 
assembly. The spring and surface attraction forces created by the insertion of the pins 3 1 
in the sockets 35 provide a connection force which is sufficient to hold the integrated 

25 circuit device 3 in a fixed position relative to the substrate 7. However, the connection 

force holding the integrated circuit device 3 and substrate 7 in electro-mechanical 
connection is small enough so that the device may be removed, replaced and repositioned 
on the substrate without the need for extensive rework of the connection pads 17, 21, pins 
31, or sockets 35. Also, the resiliency of the spring fingers 43a, 43b allows the sockets 35 

30 to return to their disengaged (relaxed) state shown in Fig. 3 upon removal of the electrical 

connecting elements 3 1 so that the sockets have an extended life and can be reused for 
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subsequent electro-mechanical connections. The device 3 may be mounted on the 
substrate 7 by insertion of the pins 3 1 into the sockets during final component assembly or 
during testing of the integrated circuit device 3. In the embodiment of Figs. 3 and 4, the 
integrated circuit device 3 may be attached to the substrate 7 such that the pins 31 on the 
substrate 7 are fully inserted into the sockets 35 on the circuit device (i.e., at least one of 
the free ends 69 of the pins contacts the flat surface 57 of the connection pad 21 on the 
substrate). Alternatively, the circuit device 3 could be spaced away from the substrate 7 
by stops (not shown) on the device that contact the substrate to limit the spacing of the 
chip relative to the substrate and also assure that the chip and substrate are aligned in 
parallel planes. 

In one exemplary embodiment illustrated in Fig. 3, each pin 31 may have a length 
LI of approximately 1 millimeter and a diameter Dl of approximately 0.1 millimeter with 
approximately 1 millimeter of spacing between adjacent pins. As shown in Figs. 3 and 
3 A, each spring finger 43a, 43b may have a thickness T of approximately 15 microns, a 
length L2 of approximately 50 microns, and a width W of approximately 5 microns. 
Each spring finger may have a distance D2 of approximately 0.4 millimeter between the 
opposed free end portions 47a, 47b of adjacent spring fingers 43a, 43b. It will be 
understood that the electrically conductive connecting elements 31 and sockets 35 
described above can have other dimensions and can be otherwise arranged without 
departing from the scope of this invention. The amount of contact surface area between 
pins 31 and the spring fingers 43a, 43b is directly proportional to the electrical 
conductivity between chip 3 and the substrate 7. The size of the pins 31 and the spring 
fingers 43a, 43b, the spacing between the spring fingers, and the amount of curvature of 
the spring fingers is directly proportional to the mechanical force connecting the 
integrated circuit device 3 and the substrate 7. The number of pins 31 and sockets 35 and 
their dimensional configurations will vary based on the specific application and the 
amount of electrical conductivity and mechanical connection force required. For example, 
high current applications may require a larger number of pins 31 and sockets 35 so that a 
higher amount of current can be transferred between the circuit device 3 and the substrate 
7. 
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In operation, an integrated circuit assembly 1 of the present invention is created by 
electrically and mechanically connecting the integrated circuit device 3 to the chip carrier 
substrate 7. The circuit device 3 is mechanically and electrically connected to the 
substrate 7 by the insertion of the pins 31 on the substrate into respective sockets 35 on the 
circuit device. The spring force of the spring fingers 43a, 43b biased against the pins 31 
creates a secure electrical and mechanical connection between the integrated circuit device 
3 and the substrate 7. The chip carrier substrate 7 receives electrical signals from a 
printed circuit board (not shown), or other components of an electrical circuit, that are 
transferred to the integrated circuit device 3 through the contact of the electrically 
conductive pins 31 with the electrically conductive spring fingers 43 a, 43b of each socket 
35. Alternatively, the assembly 1 may be configured with the pins 31 on the substrate 7 
and the sockets 35 on the integrated circuit device 3 so that the electrical and mechanical 
connection between the device and the substrate is established through insertion of the 
pins into the sockets. 

Figs. 5 and 6 show a second embodiment of the present invention, generally 
designated 101, which provides for a locking connection of the integrated circuit device 3 
with the substrate 7 so that circuit device can be spaced away from the substrate a desired 
(selected) distance and held in a fixed position relative to the substrate. This embodiment 
101 is particularly useful when the circuit device 3 is an optoelectronic or optical-MEMS 
device that requires vertical alignment for the transfer of light between adjacent devices. 
In the embodiment of Figs. 5 and 6, each electrically conductive connecting element 107 
comprises a stud bump attached to the electrical connection pad 111 having a body 115 
that comprises multiple protruding shoulder portions 119 and a generally conical tip 123. 
In one embodiment, each stud bump 107 has six shoulder portions 119, but it will be 
understood that each stud bump could have at least one or more than six shoulder portions 
without departing from the scope of this invention. Each stud bump 107 is formed on the 
surface 129 of the substrate electrical connection pad 1 1 1 by conventional fabrication 
methods and is adhered to the connection pad by thermocompression or adhesive bonding. 
Reference is made to U.S. Patent No. 6,214,642, incorporated by reference herein for all 
purposes, for information relating to conventional stud bumping processes. Each stud 
bump 107 may be made from suitable conductive metal such as gold or aluminum and 
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may include a layer of solder or conductive adhesive on the outer surface of the stud bump 
to enhance the connection between the stud bump and the socket 35. The layer of solder 
or conductive adhesive is particularly useful in enhancing the mechanical connection force 
between the circuit device 3 and the substrate 7 in electronic assemblies (e.g., cell phones) 
that require a high amount of drop shock resistance. 

As seen in Fig. 6, insertion of the stud bumps 107 on the substrate into respective 
sockets 35 on the integrated circuit device creates a mechanical and electrical connection 
between the circuit device 3 and the substrate 7. As in the previous embodiment, the 
biasing force of the spring fingers 43 a, 43b against the stud bumps 107 provides a 
mechanical force holding the integrated circuit device 3 and the substrate 7 in electrical 
and mechanical connection. In the embodiment of Figs. 5 and 6, the resilient members 
43 a, 43b engage the shoulders 1 19 of the stud bumps 107 to provide an additional latching 
force that supplements the biasing force of the spring fingers against the connecting 
elements. The position of the integrated circuit device 3 relative to the substrate 7 is fixed 
by the spring biasing force and by the interlocking force created by the engagement of the 
inturned free end portions 47a, 47b of the spring fingers 43a, 43b with the protruding 
shoulders 1 19 of the stud bumps 107. In one exemplary embodiment, each shoulder 119 
has an axial length of approximately 0.1 millimeter to provide a total of approximately 0.6 
millimeter of adjustable length of the stud bump 107. The total range of adjustable length 
of each stud bump 107 as well as the axial length of each shoulder 119 may vary without 
departing from the scope of this invention. As in the previous embodiment, the 
connecting force holding the circuit device 3 in electro-mechanical connection with the 
substrate 7 is large enough to provide a secure and reliable connection and small enough 
to allow the circuit device to be easily removed from the substrate and reconnected. 

Figs. 7 and 8 illustrate a third embodiment of the present invention, generally 
designated 151. Each electrically conductive connecting element 155 of this embodiment 
comprises an electrically conductive ball affixed to the electrical connection pad 159 of 
the substrate 7. As seen in Fig. 8, the integrated circuit device 3 is electrically and 
mechanically attached to the substrate by the engagement of each ball 155 with the spring 
fingers 43a, 43b of a respective socket 35. As in the previous embodiments, the resilient 
force of the spring fingers 43 a, 43b creates a mechanical holding force of sufficient 
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magnitude to allow the releasable attachment of the circuit device 3 to the substrate 7. It 
will be understood that the conductive balls 155 could comprise solder spheres made of 
conventional solder materials (e.g., tin, lead, copper, etc.) that are frequently used in 
micro-circuit interconnects and are commercially available from Cookson Electronics - 
Semiconductor Products of Alpharetta, GA. Alternatively, the electrically conductive 
connecting elements 155 of this embodiment could comprise balls of electrically 
conductive adhesive such as the type sold under the trade name POLYSOLDER® also 
sold by Cookson Electronics - Semiconductor Products. In this embodiment, the biasing 
force of the spring fingers 43 a, 43b can be supplemented by heating the assembly to the 
corresponding reflow temperature of the conductive ball 155 and allowing the ball to cool 
so that the solder or conductive adhesive is activated to increase the strength of the 
connection between the sockets 35 and the connecting elements. In the embodiment of 
Figs. 7 and 8, removal and reattachment of the circuit device 3 requires the additional step 
of heating the solder or adhesive ball 155 to its respective reflow temperature so that the 
circuit device can be removed from the substrate 7. 

In view of the above, it will be seen that the several objects of the invention are 
achieved and other advantageous results attained. The biasing force of the sockets 35 
against the electrically conductive connecting elements 3 1 allows for secure assembly and 
attachment of the integrated circuit device 3 to the substrate 7. The connecting elements 
31 and the sockets 35 are configured to allow the device 3 to be easily removed from a 
testing substrate 7 and reconnected to an electronic device substrate without extensive 
rework. Also, the fit between the connecting elements 31 and the sockets 35 allows easy 
removal, repair and replacement of an integrated circuit device 3 in a final assembly. 

As various changes could be made in the above constructions without departing 
from the scope of the invention, it is intended that all matter and dimensions contained in 
the above description or shown in the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. For example, the electrically conductive 
connecting elements 31 could have alternative shapes and sizes that allow the biasing 
force of the sockets 35 against the connecting elements to hold the integrated circuit 
device 3 in electrical and mechanical contact with the substrate 13 or that provide a 
supplemental latching force that increases the mechanical holding force between the 
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device and the substrate. 

When introducing elements of the present invention or the preferred 
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that 
there are one or more of the elements. The terms "comprising", "including" and "having" 
5 are intended to be inclusive and mean that there may be additional elements other than the 

listed elements. 



